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DETAILED ACTION 

1 . This action is responsive to application 09/982020 filed on October 19 th 2001 . 

2. Claims 1-31 are presented for examination. 

Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for 
the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

4. Claims 1,2, 4-16, 18-21 , 23-28, 30, 31 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Aizikowitz et al. (US 5890000), hereinafter, Aizikowitz et a/.. 

Claim 1 

Aizikowitz et al. teach a method of allocating registers (e.g., see Register allocation col.1 :24-67) when 
compiling source code (e.g., see source code, intermediate language instructions col.4:9-20 & associated 
text; see 12 Fig.1 & associated text), said method comprising steps of: 

o translating source code to intermediate code (e.g., see source code, intermediate 

language instructions col.4:9-20 & associated text; see 12 Fig.1 & associated text); 
o identifying an operand from said intermediate code (e.g., see data items col.1 :24-35 & 
associated text; see data item, variable "c" col.2:15-35 & associated text) to store in a 
real register (e.g., see "Register allocation", physical hardware col.1 :24-35; local register 
allocator, hardware registers col.1 :49-57 & associated text; see 14 Fig.1 & associated 
text); and 

o selecting a class of real registers operable to store said operand (e.g., see local register 
allocator, global register allocator col .1 :49-67 & associated text). 
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Claim 2 

The rejection of base claim 1 is incorporated. Aizikowitz et al. further teach selecting at least one 
subclass of said selected class of real registers, wherein said at least one subclass includes a register to 
store said operand (e.g., see local register allocator, global register allocator col . 1 :49-67 & associated 
text; col.4:40-46; see 18, 20, 22 Fig.2 & associated text). 

Claim 4 

The rejection of base claim 2 is incorporated. Aizikowitz et al. further teach wherein said step of 
selecting at least one subclass further comprises steps of: 

o selecting a first set of subclasses within said selected class (e.g., see register allocation col.1 :24- 

67 & associated text; see live range col. 2:1 5-35 & associated text; see assigning live ranges 

col.2:35-55 & associated text); 
o determining whether a register included in said first set of subclasses is available to store said 

operand (e.g., see local, global col. 1:35-67 & associated text; see assigning live ranges col.2:35- 

55 & associated text; see register pressure, spilling col.2:35-65 & associated text; see 76-22 

Fig.2 & associated text); and 
o in response to said register being available, storing said operand in said register (e.g., col.2:35- 

65; see 76-22 Fig.2 & associated text). 

Claim 5 

The rejection of base claim 4 is incorporated. Aizikowitz et al. further teach wherein said first set of 
subclasses includes at least one of non-used-in-current-operation, non-busy, non-live and non-used 
subclasses (e.g., see defined and then used within only a single basic block ool.1 :35-48; see lifetime 
col.1 :49-57; see 26, 28 Fig.3 & associated text). 



Claim 6 
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The rejection of base claim 4 is incorporated. Aizikowitz et al. further teach wherein said step of 

selecting at least one subclass further comprises steps of: 

o selecting a second (or third or fourth) set of subclasses within said selected class in response to 
said register not being available in said first (or second or third) set of subclasses (e.g., see first 
register allocator, second register allocator, remaining portions col. 3:25-50; see 76-22 Fig.2 & 
associated text); 

o determining whether a register included in said second (or third or fourth) set of subclasses is 
available to store said operand (e.g., see local allocator, global allocator col. 3:25-51; see local, 
global col.1 :35-67 & associated text; see assigning live ranges col. 2:35-55 & associated text; 
see register pressure, spilling col.2:35-65 & associated text; see 76-22 Fig.2 & associated text); 
and 

o in response to said register in said second (or third or fourth) set of subclasses being available, 
storing said operand in said register in said second (or third or fourth) set of subclasses (e.g., 
col.2:35-65; see 76-22 Fig.2 & associated text). 

Claim 7 

The rejection of base claim 6 is incorporated. Aizikowitz et al. further teach wherein said second set of 
subclasses includes at least one of non-used-in-current-operation, non-busy, non-live (see claim 5) and 
used subclasses (e.g., see global, use of register col .1 :40-48 & associated text; see lifetime overlaps, 
uses col.1 :49-57 & associated text). 

Claim 8 

The rejection of base claim 6 is incorporated. Claim recites limitations, which have been addressed in 
claim 6, therefore, is rejected for the same reasons as cited in claim 6. 



Claim 9 
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The rejection of base claim 8 is incorporated. Aizikowitz et al. further teach wherein said third set of 
subclasses includes at least one of non-used-in-current-operation, live, and non-busy subclasses (e.g., 
see global lifetimes, lifetime overlaps coU :49-57 & associated text; see live ranges col. 3:25-50 & 
associated text; see 26, 30 Fig.3 & associated text). 

Claim 10 

The rejection of base claim 8 is incorporated. Claim recites limitations, which have been addressed in 
claim 6, therefore, is rejected for the same reasons as cited in claim 6. 

Claim 11 

The rejection of base claim 10 is incorporated. Aizikowitz et al. further teach wherein said fourth set of 
subclasses includes at least one of non-used in current operation and busy subclasses (e.g., see same 
register col.2:35-40 & associated text). 

Claim 12 

The rejection of base claim 1 1 is incorporated. Aizikowitz et al. further teach spilling a register in at least 
one of said busy and said live subclasses prior to storing said operand in said register in at least one of 
said busy and said live subclasses (e.g., see register pressure, spilling col.2:35-65 & associated text). 

Claim 13 

The rejection of base claim 1 1 is incorporated. Aizikowitz et al. further teach storing said operand in a 
class (i.e., selected other class) other than selected class in response to a register in said fourth set of 
subclasses not being available (i.e., selected class of registers not including a not-used-in-current- 
operation register) (e.g., see local allocator, global allocator col. 3:25-51; see local, global col. 1:35-67 & 
associated text; see assigning live ranges, K registers col.2:35-65 & associated text; see different 
hardware register col .4:32-52; see 16-22 Fig.2 & associated text). 
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Claim 14 

The rejection of base claim 1 1 is incorporated. Aizikowitz et al. further teach marking said register as 
used-in-current-operation in response to storing said operand in said register (e.g., col.2:35-40). 

Claim 15 

The rejection of base claim 1 1 is incorporated. Aizikowitz et al. further teach marking said register 
storing said operand as live and not-used-in-current-operation in response to translating an instruction of 
said source code (e.g., see 26, 30 Fig.3 & associated text). 

Claim 16 

The rejection of base claim 1 is incorporated. Claim recites limitations, which have been addressed in 
claim 13, therefore, is rejected for the same reasons as cited in claim 13. 

Claim 18 

A method of (i.e., a compiler configured to) compiling source code comprising steps of: 
o generating intermediate code from a portion of source code (e.g., ., see source code, 

intermediate language instructions col.4:9-20 & associated text; see 12 Fig.1 & associated text); 
o allocating a plurality of real registers to store a plurality of operands from said intermediate code 

while generating the intermediate code (i.e., register allocation stage) (e.g., see "Register 

allocation", physical hardware col.1 :24-35; local register allocator, hardware registers col.1 :49- 

57 & associated text; see 14 Fig.1 & associated text); and 
o optimizing stage configured to optimize said intermediate code (e.g., see optimizing compilers 

col.4:9-21) 

o a final code stage generating machine-readable code from said intermediate code using said 
plurality of real registers (e.g., see machine-readable object code col.4:9-21). 



Claim 19 
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The rejection of base claim 18 is incorporated. Aizikowitz et al. further teach a plurality of types of 
operands and said step of allocating further comprises steps of: 

o determining a type of operand for at least one of said plurality of operands (e.g., see local register 

allocator, global register allocator col.1 :49-67 & associated text); 
o storing said at least one operand in memory (i.e., selected class of real registers) in response to 
said operand being a particular type of operand (i.e., selecting a class of registers depending on 
said type of operand) (e.g., see symbolic register, local, global col.1 :35-67 & associated text; see 
24 Fig.3 & associated text; see RAM col.5:53-65); and 
o allocating a real register (from said selected class of registers depending on said type of said 
operand) for said operand (e.g., see "Register allocation", physical hardware col.1 :24-35; see 
. local register allocator, global register allocator col. 1:49-67 & associated text; see 28, 30, 32, 34 
Fig.3 & associated text). 

Claim 20 

The rejection of base claim 19 is incorporated. Aizikowitz et al. further teach wherein said particular type 
of operand includes a local variable (e.g., see symbolic register, local, global col.1 :35-67 & associated 
text; see variable "c"col.2:15-35 & associated text). 

Claim 21 

The rejection of base claim 19 is incorporated. Claim recites limitations, which have been addressed in 
claim 19, therefore, is rejected for the same reasons as cited in claim 19. 

Claim 23 

The rejection of base claim 21 is incorporated. Claim recites limitations, which have been addressed in 
claim 2, therefore, is rejected for the same reasons as cited in claim 2. 



Claim 24 
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The rejection of base claim 23 is incorporated. Claim recites limitations, which have been addressed in 
claims 5, 7, 9, 1 1 , therefore, is rejected for the same reasons as cited in claims 5,7,9, 11. 

Claim 25 

Claim recites a compiler version performing the method addressed in claim 18, therefore, is rejected for 
the same reasons as cited in claim 18. 

Claim 26 

The rejection of base claim 25 is incorporated. Claim recites limitations, which have been addressed in 
claim 19, therefore, is rejected for the same reasons as cited in claim 19. 

Claim 27 

The rejection of base claim 26 is incorporated. Claim recites limitations, which have been addressed in 
claim 20, therefore, is rejected for the same reasons as cited in claim 20. 

Claim 28 

The rejection of base claim 25 is incorporated. Claim recites limitations, which have been addressed in 
claim 19, therefore, is rejected for the same reasons as cited in claim 19. 

Claim 30 

The rejection of base claim 28 is incorporated. Claim recites limitations, which have been addressed in 
claim 2, therefore, is rejected for the same reasons as cited in claim 2. 

Claim 31 

The rejection of base claim 30 is incorporated. Claim recites limitations, which have been addressed in 
claims 5, 7, 9, 11, therefore, is rejected for the same reasons as cited in claims 5, 7, 9, 11. 
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Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art 
are such that the subject matter as a whole would have been obvious at the time the invention was made to 
a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

6. Claims 3, 17, 22, 29 are rejected under 35 U.S.C. 103(a) as being unpatentable over Aizikowitz et 
al. in view of Lueh et al. (US 6292935), hereinafter, Lueh et a/.. 

Claim 3 

The rejection of base claim 1 is incorporated. Aizikowitz et al. further teach wherein said selected class 
includes one of a callee-saved class (i.e., in response to said operand including at least one of local 
variables, stack items and parameters input by a user). Aizikowitz et al. do not expressly disclose a 
caller-saved class (i.e., in response to said operand including a temporary computation). However, Lueh 
etal. disclose a caller-saved class (i.e., in response to said operand including a temporary computation) 
(e.g., see caller-saved Register col.6:62-col. 7:2). Aizikowitz et al. and Lueh et al. are analogous art 
because they are both directed to optimizing compilers and physical (i.e., real) register allocation. It 
would have been obvious to one of ordinary skill in the pertinent art at the time the invention was made 
to incorporate the teaching of Lueh et al. into that of Aizikowitz et al. for the inclusion of a caller-saved 
class. And the motivation for doing so would have been to facilitate the categorization of registers based 
on the types of operands stored therein so that optimization can be performed by taking actions 
corresponding to different categories of registers as taught by Lueh et al. (i.e., generating spills only for 
operands stored in caller-saved registers) (e.g., col.6:62-col.7:2).. 

Claim 17 

The rejection of base claim 3 is incorporated. Claim recites limitations, which have been addressed in 
claim 3, therefore, is rejected for the same reasons as cited in claim 3. 
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Claim 22 

The rejection of base claim 21 is incorporated. Claim recites limitations, which have been addressed in 
claim 3, therefore, is rejected for the same reasons as cited in claim 3. 

Claim 29 

The rejection of base claim 28 is incorporated. Claim recites limitations, which have been addressed in 
claim 3, therefore, is rejected for the same reasons as cited in claim 3. 

Conclusion 

7. The prior art made of record and not relied upon is considered pertinent to applicant's disclosure: 
Grove et al. (US 5659754) 

Sato (US 5261062) 
Radigan (US 6738967) 
Goebel (US 5901317) 
Goebel (US 5418958) 
Gschwind et al. (US 651 31 09) 
Munshi et al. (US 4782444) 
Koblenz et al. (US 5530866) 

8. Any inquiry concerning this communication or earlier communications from the examiner should 
be directed to Chrystine Pham whose telephone number is 571 .212.3702. The examiner can 
normally be reached on Mon-Fri, 8:30am-5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Tuan 
Q Dam can be reached on 571 .272.3695. The fax phone number for the organization where this 
application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status information for published applications may be obtained from 
either Private PAIR or Public PAIR. Status information for unpublished applications is available through 
Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 
at 866-217-9197 (toll-free). 

December 3, 2004 

TUANDAM 
SUPERVISORY PATENT EXAMINER 




